H. Nhat Duc, Ng. Quoc Lam, P. Quang Nhat / Tgp chi Khoa hoc va Cong nghé Pai hoc Duy Tan 5(54) (2022) 37-42 37

TAP CHI KHOA HOC & CONG NGHE DAL HQC DUY TAN TRUO\G DAIHOC DUY TAN
DTU Journal of Science and Technology 5(54) (2022) 37-42 AN U SITH

Image processing-based automatic gradation of stone aggregates
Tu dong hoa viéc xac dinh cp phdi hat ciia cdt lidu da st dung k¥ thuét xtr Iy anh
Hoang Nhat Duc®”", Nguyen Quoc Lam®°, Pham Quang Nhat?"

Hoang Nhat P, Nguyén Qubc Lam*®, Pham Quang Nhat*?

anstitute of Research and Development, Duy Tan University, Da Nang, 550000, Vietnam
aVién Nghién ciru va Phat trién Cong nghé Cao, Pai hoc Duy Téan, Pa Nang, Viét Nam
®Faculty of Civil Engineering, Duy Tan University, Da Nang, 550000, Vietnam
YKhoa Xay dung, Triong Pai hoc Duy Téan, Pa Nang, Viét Nam

(Ngay nhdn bai: 09/12/2021, ngay phdn bién xong: 25/5/2022, ngay chdp nhédn dang: 10/8/2022)

Abstract

Gradation strongly influences the mechanical properties of stone materials. This paper aims to employ image processing
methods to develop a simple tool for automatic gradation of stone aggregates. The methods of image thresholding,
Gaussian filtering, median filtering, morphological closing, and contour analysis are employed. The output of the newly
constructed system is the plots demonstrating particle size distribution. These plots can be used for further inspection of
aggregate gradation. The system has been developed in Python and with the help of the OpenCV library.
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Tom tat

Cép phdi hat c6 anh hudng 16n dén tinh chét co hoc ciia cac vat lidu da. Bai bao nay sir dung cac phuwong phap xir 1y anh
ky thuat s dé phat trién mot cong cu don gian nham ty dong hoa viéc xac dinh cip phdi ciia cot liéu da. Cac phuong
phap da duoc sir dung bao gdm k¥ thuat phan ngudng anh, bo loc Gaussian, bo loc trung vi, ky thuat lap diém anh, va
phan tich duong vién. Pau ra ciia hé thong 1a cac biéu d6 thé hién phan phdi kich ¢& hat. Cac biéu do nay co thé duoc
str dung cho cac phan tich sau hon vé cép phdi hat cua vat liéu da. Hé thong da dwoc chung t6i phat trién véi ngdn ngit
Python va thu vién OpenCV.

Twr khoa: Vat liéu da; cép phéi hat; xtr Iy anh; ty ddng hoa trong xay dyng; thu vién OpenCV.

1. Introduction identify the distribution of the diameters of all

materials such as cement concrete, asphalt ~Size (refer to Fig. 1.1). The manual batch
concrete, etc. The conventional aggregate size  SIeVing Is time-consuming and inefficiency [2].
classification mainly relies on manual batch Thus, rapid automatic classification is helpful

sieving [1]. The purpose of this process is to for construction practitioners to shorten the
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time required for particle size gradation. In
addition, as demonstrated in [3], the diameter
measured by the conventional sieving method
Is associated with random errors. Particles
going through a sieve can have one dimension
that is larger than the mesh size of the sieve.
This fact can lead to inaccurate particle size
gradation.

Sieve size

Length

Figure 1.1. Sieve size, length, and width of a particle

Particularly for construction processes that
require frequent and rapid gradation analysis,
the laborious and error-prone manual sieve
analysis is not suitable. Following the current
trend of automation in construction [4, 5], this
study attempts to develop a simple tool for
increasing the productivity and accuracy of the
particle size gradation process. The methods of
image thresholding, Gaussian filtering, median
filtering, morphological closing, and contour
analysis are used. Thus, the new system is able
to perform fast and real-time particle size
gradation without the need of complicated and
costly sieving equipment. However, the current
system is the result of an initial study on
computer vision-based particle size gradation
performed by the authors. Thus, several
limitations of the current method are discussed
and potential extensions of the paper are
pointed out in the next sections.

2. The proposed image processing method
used for particle size gradation

The image processing-based method used to
compute the distribution of the particle sizes is
carried out in the following steps:

(i) Material preparation: In this step, a batch
of stone aggregates is collected from the
construction size and put on a flat surface
with a white background. A digital camera
mounted on a tripod is used to capture the
image of the batch. A Canon EOS M10
was used in this study. The collected
image has the size of 1419x861 pixels.

(i) Image calibration: This step is to
determine the actual size of a pixel [3].
Herein, one pixel corresponds to 0.2 mm.

(iii) Image filtering methods of Gaussian and
median filters with a window size of 7x7
pixels are used to smooth the image and
removes unwanted noise.

(iv) Image thresholding with a user-defined
threshold value is used to binarize the
image. Herein, the threshold value is
experimentally found to be 180.
Additionally, the morphological closing
operator is used for image enhancement.

(v) Image contour analysis [6] implemented
with the OpenCV library [7] is used to
detect each particle within the scene. This
method has been demonstrated to be
effective for object segmentation [8].

(vi) A bounding rectangle is draw for each
particle using the function provided in the
OpenCV library. Subsequently, the width and
the height of this rectangle are found. The
diameter of a particle is determined as the
maximum value of the width and the height.

(vii) A set of sieves with known mesh size is
selected and used for particle gradation.
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(viii) Operations on vector and matrices
provided by the numpy Python library.
These operations are used to compute the
distribution  of  particle  diameters.
Consequently, the distribution can be
visualized via bar charts and line dot plots.

3. Experimental results

In this section of the paper, the newly
constructed system is validated using a case

study. Herein, a batch containing 36 stone
particles was prepared. The image of the batch
captured by the Canon EOS M10 is shown in
Fig. 3.1. Subsequently, the Gaussian and
median filters are employed for image
enhancement. Image thresholding is then
performed on the smoothed image to delineate
stone particles from the white background
(refer to Fig. 3.2).

Figure 3.2. The result of the image thresholding process
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Figure 3.3. Identification of individual stone particles with bounding rectangles
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Figure 3.4. Retained percentage of each sieve

Based on the binarized image, the contour
analysis algorithm [6] is used to detect
individual particles. The contours are shown as
blue polygons in the Fig. 3.3. Accordingly, a
bounding rectangle is draw for each particle.
The diameter of a particle is calculated as the
maximum value of the width and height of its
bounding rectangle. This study selected a set of
six ASTM test sieves with the mesh sizes of 50,
45, 31, 25, 19, 13.2 mm. The measured particle
diameters are compared to the values of the
mesh sizes to determine the particle size
distribution of the selected batch. Finally, the
particle size gradation results are presented in
Fig. 3.4 and 3.5. Herein the sieves with the

mesh sizes of 50, 45, 31, 25, 19, 13.2 mm are
denoted as sieve number 1, 2, 3, 4, 5, and 6,
respectively. As shown in these graphs, the new
system is able to graphically display the
gradation of the selected batch. These graphs
can be further used for in-depth analysis on the
particle gradation of stone aggregates. The
experiment is implemented on a computer
platform with the Intel(R) Core(TM) i7-
11800H and 16GB of RAM. The processing
time of the experiment is 1.45s. This means that
the system requires only 0.04s for processing
one particle.

Nevertheless, the system in its early stage of
development also suffers from several
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limitations. The first limitation is the
measurement error caused by a particle’s
shadow. As can be seen from Fig. 3.3, an area
of a particle can be enlarged due to the effect of
its shadow. Perhaps, a more meticulous
adjustment of the light source or camera
position can help to fix this problem. In
addition, several areas in particles having bright
texture can be misclassified as the background.
It is because the current model employs a
simple image thresholding for delineating the
particles from the background. More
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sophisticated approaches such as image texture
analysis, image enhancement, and deep
learning-based segmentation can be helpful to
correct such misclassifications. In addition, the
current  method computes the particle
distribution in terms of particle number.
Gradation analysis in terms of particle mass is
currently not possible. These limitations of the
current approaches are going to be considered
in our future works.

Cumulative retained percentage (%)
97.22

Sieves

Figure 3.5. Cumulative retained percentage of each sieve

4. Conclusion

This paper has developed an image
processing-based method for computing the
particle gradation of an aggregate batch. Image
thresholding,  Gaussian  filtering, median
filtering, morphological closing, and contour
analysis are used by the current method. The
new system was developed in Python with the
help of the OpenCV library to facilitate its
construction and implementation. Experimental
results show that the computing phase of the
system is fast with only 0.04s per stone particle.
In addition, the system yields the retained
percentage of each sieve and the cumulative
retained percentage of each sieve that can be
helpful for further inspection of aggregate

gradation. Future works should dedicate to the
investigation of advanced computer vision
methods to improve the system performance
with respect to the particle’s shadow, the bright
texture, and the identification of the particle’s
mass.
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